As an extension of human cDNA projects for accumulating sequence information on the coding sequences of unidentified genes, we herein present the entire sequences of 50 cDNA clones, named KIAA1939-KIAA1988. cDNA clones to be entirely sequenced were selected by two approaches based on their protein-coding potentialities prior to sequencing: 10 cDNA clones were chosen because their encoding proteins had a molecular mass larger than 50 kDa in an in vitro transcription/translation system; the remaining 40 cDNA clones were selected because their putative proteins-as determined by analysis of the genomic sequences flanked by both the terminal sequences of cDNAs using the GENSCAN gene prediction program-were larger than 400 amino acid residues. According to the sequence data, the average sizes of the inserts and corresponding open reading frames of cDNA clones analyzed here were 4.6 kb and 1.9 kb (643 amino acid residues), respectively. From the results of homology and motif searches against the public databases, the functional categories of the 31 predicted gene products could be assigned; 25 of these predicted gene products (81%) were classified into proteins relating to cell signaling/communication, nucleic acid management, and cell structure/motility. The expression profiles of the genes were also studied in 10 human tissues, 8 brain regions, spinal cord, fetal brain and fetal liver by reverse transcription-coupled polymerase chain reaction, the products of which were quantified by enzyme-linked immunosorbent assay.
The human genome draft sequence, a milestone in the study of human genomics, has provided a wealth of information in biology. 1, 2 In particular, the complete catalogs of human proteins and transcripts are expected to transform our understanding of various kinds of biological phenomena on a molecular basis. Toward this end, some groups are actively making efforts to annotate a set of proteins and transcripts from the genomic sequence. However, currently available computational methods used for gene prediction are not mature enough for this purpose. Actually, Hogenesch et al. reported that the gene sets predicted by Celera Genomics and by a public genome consortium share only a small number of novel genes, while both efforts predicted approximately the same number of genes.
3 They concluded that an integrated approach combining computational predictions, human curation and experimental validation would be required to complete the description of human proteome and transcriptome. 3 The difficulty in annotating
Communicated by Michio Oishi * To whom correspondence should be addressed. Tel. +81-438-52-3930, Fax. +81-438-52-3931, E-mail: nagase@kazusa.or.jp human transcripts from the genomic sequence in silico mainly lies in the fact that most protein-coding sequences (CDSs) in human genes are divided into small pieces along the genome by introns of various sizes. Analysis of cDNA is expected to circumvent this problem, because all the introns are removed in a mature form of human mRNA, at least in principle. In addition, cDNA clones also serve as reagents for functional analysis of human genes, thereby underscoring the importance of cDNA analysis to obtain the complete catalog of human proteins. Several groups have recently begun comprehensive cDNA sequencing projects for this purpose.
4,5
We anticipated such a situation more than 7 years ago and pioneered a sequencing project of human cDNAs encoding relatively large proteins in order to accumulate information on the CDSs of unidentified genes. The total number of human cDNAs entirely sequenced by us has reached nearly 2000. 6, 7 In particular, we have focused our sequencing efforts on long cDNAs encoding large proteins because we are most interested in cDNA clones encoding multidomain proteins. To this end, we have used in vitro transcription/translation assays to se-320 Prediction of Unidentified Human Genes [Vol. 8, lect cDNA clones which can produce proteins with an apparent molecular mass of ≥ 50 kDa. 8 After the human genome draft sequence became publicly available, we also selected cDNA clones which were expected, on the basis of predicted gene structure, to encode relatively large proteins by mapping the 5 and 3 expressed sequence tags (ESTs) of long cDNAs along the genomic sequence in silico. 9 As an extension of the preceding reports, we herein present the predicted CDS of 50 new cDNA clones which have the potential to code for large proteins. Together with the results of computer analysis of amino acid sequences of their predicted products, the expression profiles of 50 new genes in various human tissues including brain regions are also explored.
Sequence Analysis and Prediction of CDSs in cDNA Clones
The cDNA clones used in this study were isolated from size-fractionated libraries harboring cDNAs with average sizes longer than 4 kb, which were derived from human fetal brain, adult whole brain, amygdala, hippocampus and cultured cell line KG-1.
6,8
First, the cDNA clones with unidentified sequences at both ends were selected by BLAST search against the GenBank database (release 122.0) excluding ESTs and genomic sequences.
10,11 Then, 50 cDNA clones which seemed to have coding potentials for production of relatively large proteins were selected for sequencing in their entirety and were designated using our systematic gene identifier, KIAA plus a four-digit number: 10 cDNA clones (KIAA1966-KIAA1973, KIAA1987, and KIAA1988) were selected because they could produce proteins with an apparent molecular mass larger than 50 kDa in an in vitro transcription/translation system according to the method previously described;
8 the remaining cDNA clones were identified by GENSCAN gene prediction analysis of the genomic regions flanked by the cDNA terminal sequences. 12 In brief, both terminal sequences of the cDNAs were subjected to BLAST search 10 against the human genome draft sequences (ftp://ncbi.nlm.nih.gov/genomes/H sapiens/) to find out the genomic fragments corresponding to the cDNA sequences. After identification of genomic fragments that were found to be considerably similar to the cDNA sequence (E-value = 0.0 and sequence identity of 90% or greater), the GENSCAN program was used to predict a plausible gene structure of the genomic fragment.
12 In this way, the 40 cDNA clones (KIAA1939-KIAA1965 and KIAA1974-KIAA1986) for unidentified genes were selected because they were expected to encode proteins larger than 400 amino acid residues. Entire sequencing of these clones was performed according to the method previously described in detail.
8
Regarding 15 cDNA clones (KIAA1974-KIAA1988), multiple CDSs were detected in a single cDNA by GeneMark analysis. 13 Thus, we carefully checked whether the observed interruption of CDSs is spurious or not. The coding splits of three cDNA clones (KIAA1977, KIAA1981, and KIAA1983) were found to be spurious by direct sequencing of the major reverse transcription-coupled polymerase chain reaction (RT-PCR) products; these cDNA sequences were then revised according to the RT-PCR results. The split of CDS in a cDNA clone of KIAA1982 was determined to be the result of a deletion of a single nucleotide, probably during reverse transcription, because the comparison of the cloned cDNA sequence with the corresponding genomic sequence indicated the presence of a single-base deletion, although we failed to obtain and analyze the RT-PCR products corresponding to this region. As observed in this case, the frame-shift mutation in cDNAs caused by a one-or two-nucleotide insertion/deletion during reverse transcription occur frequently in regions with homopolymeric runs, as described previously.
14 For these four cDNA clones, the revised sequences, not the actual cloned cDNA sequences, were deposited to the GenBank/EMBL/DDBJ databases and used for prediction of their CDSs unless otherwise stated. The differences between the cloned cDNA and the revised cDNA sequences are shown on our web site, HUGE (http://www.kazusa.or.jp/huge). 15 In contrast to the cases described above, for the remaining 11 cDNA sequences we could not obtain and analyze RT-PCR products for the regions spanning the predicted CDS interruption. Thus, even though KIAA1974-KIAA1976, KIAA1978-KIAA1980, and KIAA1984-KIAA1988 have multiple predicted CDSs by GeneMark analysis as described above, only the longest CDSs are shown in Fig. 1 . Physical maps of the 50 cDNAs reported in this paper are shown in Fig. 1 , in which the ORFs and the first ATG codons in their respective ORFs are indicated by solid boxes and triangles, respectively. Repeat sequences analyzed by the RepeatMasker program are also displayed in Fig. 1 . In conclusion, the average size of the 50 cDNA sequences was 4.6 kb and that of the predicted CDSs was approximately 643 amino acid residues. Table 1 lists the lengths of inserts and the ORF lengths of the respective clones. Notably, clones for the KIAA1981 and KIAA1987 genes seemed to lack a region encoding their respective C-terminal portions because the 3 -ends of these cDNAs ended with a Not I site but did not have a dA-tail. These incomplete cDNA clones probably resulted from cleavage of the parental cDNAs at an internal Not I site since all the cDNAs in our libraries were digested with Not I before ligation to a vector during cDNA library construction. 8 As additional information on these KIAA genes, the chromosomal loci of genes were determined by comparison with the human genome draft sequence (ftp://ncbi.nlm.nih.gov/genomes/H sapiens/) ( Table 1 27 RepeatMasker, a program that screens DNA sequences for interspersed repeats known to exist in mammalian genomes, was applied to detect repeat sequences in respective cDNA sequences (Smit, A. F. A. and Green, P., RepeatMasker at http://ftp.genome.washington.edu/RM/ RepeatMasker.html). Short interspersed nucleotide elements (SINEs) including Alu and MIRs sequences and other repetitive sequences thus detected are displayed by dotted and hatched boxes, respectively.
Prediction of Genomic Structures Corresponding to cDNA Sequences
To assign the genomic structure of the genes identified through cDNA analysis in this study, the cDNA sequences were subjected to BLAST search against the human genome draft sequences (ftp://ncbi.nlm.nih.gov/genomes/H sapiens/). The genomic regions corresponding to cDNAs were assigned by SIM4 16 on the genomic fragments which were found to be highly similar to the cDNA sequences (E-value = 0.0 and sequence identity of 90% or greater). As shown in Table 1 , 44 cDNA sequences could be aligned along the genomic sequences with complete coverage ('perfect' in Table 1 ), while 6 cDNA sequences had terminal or internal regions which could not be aligned ('terminal no hit' or 'internal no hit'). Moreover, the integrity of 3 end of cDNAs could be evaluated by the sequences following the 3 -extreme end of the cDNAs in the corresponding genomic regions. Cloned cDNAs for 10 genes (KIAA1940-KIAA1942, KIAA1948, KIAA1951, KIAA1952, KIAA1955, KIAA1968, KIAA1983, and KIAA1988) were found to be synthesized by internal dT priming since canonical polyadenylation signal sequences were not observed and, instead, adenine-rich sequences were found in the genomic region just down- stream from the 3 -terminal end of the cDNAs. The results of the genomic structure analysis of most of the KIAA genes are also available through our database, HUGE (http://www.kazusa.or.jp/huge). 
Functional Classification of Predicted Gene Products
To classify the gene products predicted from the cDNA sequences according to their possible functions, the similarities of the sequences were examined against the following public databases:
(1) non-redundant amino acid sequence database, nr, (ftp://ncbi.nlm.nih.gov/blast/db/nr.z), (2) 20 and (4) our own database (HUGE, http://www.kazusa.or.jp/huge).
15
The functions of 31 gene products are classified in Table 2 . Among them, 21 gene products exhibited significant sequence similarity to functionally annotated proteins (Table 2-1) , and the functions of the other 10 gene products were predicted based on the presence of functional motifs (Table 2-2) . Notably, 25 gene products (81% of the genes functionally annotated as described above) were suggested to have functions relating to cell signaling/communication, nucleic acid management or cell structure/motility. Homology searches against the protein databases deduced from yeast, nematode and fly full genome sequences revealed that KIAA1942, KIAA1945, and KIAA1970 were homologues commonly shared by these three eukaryotic organisms and humans. KIAA1945 and KIAA1970 gene products had homology to ornithine decarboxylase and glutamyl-tRNA synthetase, respectively. The KIAA1942 gene product had no homology to any functionally annotated proteins although it might play a very basic role in these organisms (Table 3) . . The homologous protein with the highest score was listed, when it satisfied the following conditions: i) the protein was functionally annotated, ii) the aligned region exceeded 200 amino acid residues, and iii) percent identity in the aligned region was 30% or greater. b) Function was classified based on the annotation of the entry of the homologous protein in the database.
2-1. Predicted function based on homology search a)
c) The values represent the ratio of the length of the aligned region to the original length of the query sequence expressed as a percentage. a) Motif search was performed using HMMER2.1.1 against the Pfam database (release 6.6). b) Function was classified based on the annotation of the Pfam entry which was hit in the query sequence. c) Only the entries with an expectation value (E-value) less than 1.0 were presented.
2-2. Predicted function by motif search a)
In this study, 9 KIAA genes were predicted to encode proteins containing multiple copies of the C 2 H 2 -type zinc finger domain. Interestingly, 6 of the 9 genes were found to be located on chromosome 19 (chr 19 ). An unusual abundance of the genes encoding such multiple zinc finger proteins on chr 19 has been observed by other workers. [21] [22] [23] KIAA1939  1082  KIAA1137  933  68  86  haloacid dehalogenase-like hydrolase  KIAA1941  1233  KIAA0397  1016  50  95  RUN domain  KIAA1944  657  KIAA1906  593  52  92  unclassified  KIAA1947  608  KIAA1508  573  48  86  C2H2-type zinc finger proteins  KIAA1956  680  53  100  KIAA1982  599  45  86  KIAA1948  487  KIAA0961  530  77  93  C2H2-type zinc finger proteins  KIAA1559  544  71  93  KIAA1615  484  51  93  KIAA1954  468  KIAA1396  551  50  94  C2H2-type zinc finger proteins  KIAA1827  469  45  97  KIAA1508  573  41  94  KIAA1473  574  49  82  KIAA0628  540  47  83  KIAA1559  544  50  83  KIAA1829  557  50  84  KIAA0961  530  50  81  KIAA1198  553  45  91  KIAA1955  950  KIAA1008  935  35  91  RNB-like protein  KIAA1956  680  KIAA1508  573  51  84  C2H2-type zinc finger proteins  KIAA1611  813  44  87  KIAA1349  752  45  90  KIAA0065  848  45  90  KIAA1871  783  43  88  KIAA0798  682  42  99  KIAA0412  720  41 a) The definition of homologues used here was the proteins found in the databases satisfying the following conditions: i) the length ranged from 80% to 125% of the query sequence; ii) the ratio of the length of the aligned region to that of the original sequence of the query was 80% or greater; and iii) percent identity was 30% or greater. The method of homology search was the same as that explained in C-terminal portion. Similar domain organizations were also found in 14 out of these 22 KIAA proteins (Fig. 2) , and some pairs among the 18 KIAA proteins shared considerable sequence similarity for almost the entire regions ( Table 3 ). All of them encoded 9-20 consecutive C 2 H 2 -type zinc finger domains in the C-terminal portions and were located on chr 19. A KRAB box domain was found in the N-terminal portion in 12 of the 18 KIAA proteins. To investigate the evolutionary relationships and to consider the process of evolution of these zinc finger proteins encoded on chr 19, we performed phylogenetic analysis for the 18 KIAA proteins mentioned above.
When we compared the amino acid sequences of all the 18 KIAA proteins by CLUSTALW, 24 we found that reliable sequence alignment was limited in the C-terminal region comprised of multiple zinc finger domains. However, the alignment contained 335 amino acid residue sites without gaps, which was considered to be long enough for further phylogenetic analysis. We then reconstructed an unrooted phylogenetic tree based on the sequence alignment by applying NEIGHBOR in the Phylip computer program package. 25 The amino acid sequence distance was calculated by PROTDIST in Phylip using the Dayhoff PAM matrix. The result is shown in Fig. 2 . Although the aligned amino acid sequences were rather divergent from each other, we found that the 18 KIAA proteins could be divided into four large clusters. The major type of KIAA protein that contained 13 zinc finger domains appeared in every cluster in the phylogenetic tree, which implied that it was an ancestral type of the protein. Genome mapping of KIAA genes indicated that the closely related genes in the phylogenetic tree were located in the same genome fragment. This observation suggests that the gene duplication of KIAA genes on chr genes were analyzed by RT-PCR ELISA according to the methods previously described in detail. 26 Gene names are given as KIAA numbers at the left side of each set of color codes. Tissue and brain region names are indicated above the top sets of color codes. A color conversion panel (shown at bottom) was used for displaying mRNA levels as color codes. The mRNA levels are expressed in equivalent amounts (fg) of the authentic cDNA plasmids in 1 ng of starting poly(A) + RNAs. Besides 10 tissues, 9 regions of the adult central nervous system (amygdala, corpus callosum, cerebellum, caudate nucleus, hippocampus, substantia nigra, subthalamic nucleus, thalamus, and spinal cord) and fetal brain were included in the expression profiling. As a control, mRNA levels in fetal liver were also examined.
19 encoding zinc finger proteins often produced a new copy of the gene in relatively close proximity to the original ones, and functional divergence, like a change in the copy number of zinc finger domains, occurred later and rather frequently.
Expression Profiles of Predicted Genes
The tissue expression profiles of 50 human genes newly identified in this study are shown in Fig. 3 . The expression profiles in 10 human tissues, 8 brain regions, spinal cord, and fetal liver and brain were determined by quantitative RT-PCR coupled with an enzyme-linked immunosorbent assay (ELISA) as described previously. 26 The expression of KIAA1974, which encoded an aminopeptidase-like protein, was high in all tissues examined. KIAA1946 was highly expressed in all brain regions we examined. KIAA1964, which was highly expressed in heart and skeletal muscle in addition to all brain regions, seemed to encode a human homologue of mouse phospholipase C delta. KIAA1980 was predominantly expressed in kidney and spleen although its functions have not been predicted. Predominant expression of KIAA1960 and KIAA1984 in liver and fetal liver, respectively, suggested their essential functions in liver. These expression profiles provide us important information for identifying biologically important genes characterized in this project.
